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1

AC TO DC POWER CONVERTER USING AN
ENERGY-STORAGE CAPACITOR FOR
PROVIDING HOLD-UP TIME FUNCTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates to an AC to DC power converter, and
more particularly to an AC to Dc power converter having,
hold-up time function.

2. Description of Related Art

With reference to FI1G. 4, a conventional power converter
for converting a high AC voltage to a low DC voltage 1s
disclosed 1in U.S. Pat. No. 6,504,497. The power converter
comprises a full wave rectifier (50), a power factor correcting
(PFC) circuit (51) a switch type DC to DC converter (52), a
capacitor (53) and a hold-up time extension circuit (54).

The tull wave rectifier (50) recerves an AC power with the
peak voltage +220x1.141=£310V and converters the AC
power to a sine DC power with the peak voltage +310V.

The PFC circuit (51) 1s connected to the full wave rectifier
(50) to receive the sine DC power and regulates a voltage
phase and a current phase of the sine DC power to be consis-
tent with each other. The regulated DC power 1s further input
to a voltage boost circuit for producing a high DC voltage
(+380V).

The switch type DC to DC converter (52) 1s connected to
the PFC circuit (51) to receiwve the high DC voltage. The
switch type DC to DC converter (52) converts the high DC
voltage to a required DC voltage with a relative low level such
as +12V or +5V.

The PFC circuit (81) 1s constructed by a voltage boost
circuit and generates a voltage with a higher level than the
sine DC power output from the tull wave rectifier (50). Since
the power converter has to supply a low DC voltage, the
switch type DC to DC converter (32) accordingly bucks the
high DC voltage. For example, when the switch type DC to
DC converter (52) 1s operated 1n the continuous conduction
mode (CCM) to convert the high DC voltage of 380V to a
relative low DC voltage of +12V or +5 V, an active switch of
the switch type DC to DC converter (52) has the duty ratio
D=V _/V.. According to the equation, the duty ratio of the
active switch 1s small and the power conversion efficiency 1s
low.

Furthermore, to ensure that the load can obtain an emer-
gency operating voltage for safely shutting down once the AC
power 1s suddenly interrupted, the power converter further
includes the hold-up time extension circuit (54) and the
capacitor (53). The capacitor (533) 1s coupled to an output
capacitor (511) through the hold-up time extension circuit
(54). When the voltage of the output capacitor (511) 1s lower
than a threshold value, the capacitor (33) provides power for
the hold-up time extension circuit (54). The hold-up time
extension circuit (54) converts the power from the capacitor
(53) to a DC voltage and turther supplies the DC voltage to the
switch type DC to DC converter (32) and sustains the voltage
level on the output capacitor (511) to extend the hold-up time.

As described above, the conventional power converter has
to add a hold-up time extension circuit having the boost
circuit configuration to extend the hold-up time. Therefore,
the power converter accordingly includes two voltage boost-
ing circuits that respectively need a separate PWM controller
(IC1)(IC2). As aresult, the power conversion efficiency 1s low
and the circuit design 1s complex and expensive.

To overcome the shortcomings, the present invention uses
an AC to DC power converter with hold-up time function to
mitigate or obviate the aforementioned problems.
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2
SUMMARY OF THE INVENTION

The objective of the present invention 1s to an AC to DC
power converter that can accomplishes hold-up time function
with simple circuit configuration.

To achieve the objective, the AC to DC power converter has
a full wave rectifier, a PFC circuit, a PFC controller, a switch
type DC to DC converter, an energy-storage capacitor and a
mode switch.

The full wave rectifier recerves AC power and rectifies the
AC power to sine DC power that 1s further input to the PFC
circuit.

The PFC controller recerves the sine DC power and adjusts
a voltage phase and a current phase of the sine DC power to be
consistent with each other.

The switch type DC to DC converter connects to an output
capacitor of the PFC circuit, and bucks the DC voltage to
product a low DC voltage.

The energy-storage capacitor i1s indirectly connected 1n
parallel to the output capacitor through a charging switch.

The mode switch 1s connected between the energy-storage
capacitor and the mput terminal of the PFC circuit.

When the PFC controller determines that the AC power 1s
normal, the charging switch 1s turned on and the mode switch
1s turned off to make the energy-storage capacitor connect to
the output capacitor in parallel. Therefore, DC power can be
stored 1n the energy-storage capacitor.

When the PFC controller determines that the AC power 1s
interrupted, the charging switch 1s turned off and the mode
switch 1s turned on to disconnect the energy-storage capacitor
from the output capacitor. The energy-storage capacitor con-
nects to the mput terminal of the PFC circuit. The PFC circuit
regulates the voltage of the energy-storage capacitors and
produces a DC voltage at the output capacitor for a while.

Other objectives, advantages and novel features of the
invention will become more apparent from the following
detailed description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram of an AC to DC power converter
in accordance with the present invention;

FIG. 2A 1s an operational circuit diagram of the AC to DC
power converter in accordance with the present imvention
being operated 1n a boost mode;

FIG. 2B 1s an operational circuit diagram of the AC to DC
power converter in accordance with the present imvention
being operated 1n a buck mode;

FIG. 2C 1s an operational circuit diagram of the AC to DC
power converter 1n accordance with the present invention
being operated 1n a hold-up time extension mode;

FIG. 3 shows wavetorms of DC voltages and control sig-
nals of different switches 1n accordance with the present
invention; and

FIG. 4 15 a circuit diagram of a conventional power con-
verter.

L1
=]

ERRED

DETAILED DESCRIPTION OF THE
EMBODIMENT

PR.

With reference to FIG. 1, an AC to DC power converter in
accordance with the present invention comprises a full wave
rectifier (10), a power factor correction (PFC) circuit (20), a
PFC controller (26), a switch type DC to DC converter (30),
an energy-storage capacitor (27) and a mode switch (29).
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The tull wave rectifier (10) recerves sine AC power (220V)
and rectifies the sine AC power to sine DC power (+310V).

The PFC circuit (20) 1s connected to the full wave rectifier
(10) to recerve the sine DC power and comprises an output
capacitor (24).

The PFC controller (26) 1s connected to the full wave
rectifier (10) and the PFC circuit (20) to sense a voltage signal
and a current signal of the sine DC power for controlling the
PFC circuit (20). Based onthe voltage and current signals, the
PFC circuit (20) adjusts the voltage phase and current phase
of the sine DC power to be consistent with each other. The
PFC controller (26) also controls the PFC circuit (20) to

regulate the sine DC power for producing a stable DC voltage
(VB) on the output capacitor (24).

The switch type DC to DC converter (30) 1s connected to

the PFC circuit (20) to buck the DC voltage (VB) for produc-

ing a required low DC voltage, for example +12V or +5V. The
switch type DC to DC converter (30) may be a buck converter,
a boost converter, a flyback converter, a forward converter, a
tull bridge converter or a half bridge converter.

The energy-storage capacitor (27) 1s indirectly coupled to
the output capacitor (24) through a charging switch (28). A
control terminal of the charging switch (28) 1s connected to
and controlled by the PFC controller (26).

The mode switch (29) 1s connected between the energy-
storage capacitor (27) and the input terminal of the PFC
circuit (20). A control terminal of the mode switch (29) 1s
connected to and controlled by the PFC controller (26).

In the present invention, the energy-storage capacitor (27)
1s coupled to the output capacitor (24) and the input terminal
of the PFC circuit (20) respectively through the charging
switch (28) and the mode switch (29) that are controlled by
the PFC controller (26). When the PFC controller (26) deter-
mines that the AC power 1s normal, the charging switch (28)
1s turned on and the mode switch (29) 1s turned oif to make the
energy-storage capacitor (27) connect to the output capacitor
(24) 1n parallel. Therefore, DC power can be stored 1n the
energy-storage capacitor (27). When the PFC controller (26)
determines that the AC power 1s interrupted, the charging
switch (28) 1s turned off and the mode switch (29) 1s turned on
to disconnect the energy-storage capacitor (27) from the out-
put capacitor (24). The energy-storage capacitor (27) 1s then
connected to the input terminal of the PFC circuit (20). The
PFC circuit (20) regulates the voltage of the energy-storage
capacitors (27) and produces a DC voltage at the output
capacitor (24).

With respect to the PFC circuit (20), 1t further comprises a
switch unit (21), a third switch (22), an inductor (23) and a
diode (25). The switch unit (21) 1s connected to the output
terminals of the full wave rectifier (10) in parallel and com-
posed of a first switch (211) and a second switch (212). The
first switch (211) and the second switch (213) are connected
in series and their control terminals are connected to the PFC
controller (26). Moreover, the first switch (211) 1s indirectly
connected to the energy-storage capacitor (27) through the
mode switch (29).

The inductor (23) has a first terminal and a second terminal.
The first terminal 1s connected to a node where the first switch
(211) and the second switch (212) are connected in series.

The third switch (22) 1s connected between the second
terminal of the inductor (23) and the ground. The second
terminal of the inductor (23) and the third switch (22) are
commonly connected to the output capacitor (24 ) through the
diode (25). In other words, an anode of the diode (25) 1s
connected to the inductor (23) and the third switch (22), and
a cathode of the diode (235) 1s connected to the output capaci-
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4

tor (24). The control terminal of the third switch (22) 1s also
connected to the PFC controller (26).

Because the inductor (23) 1s connected to the output termi-
nals of the full wave rectifier (10) through the switch unit (21)
with one terminal, and connected to the third switch (22) and
the output capacitor (24) through the diode (25) with the other
terminal, the PFC controller (26) controls the turn-on and
turn-oif operations of the switch unit (21) and the third switch
(22) based on the voltage and current signals of the sine DC
power to stabilize the DC voltage (VB) of the output capacitor
(24). Further, since the switch unit (21) and the mode switch
(29) are turned on under the control of the PFC controller (26)
to form a complete loop when the AC power 1s interrupted, the
stored energy 1n the energy-storage capacitor (27) 1s boosted
and then supplied to the switch type DC to DC converter (30)
via the output capacitor (24) to sustain the output DC voltage
for a while.

With regard to the circuit operations of the PFC circuit
(20), the PFC controller (26) includes a program and can be
operated 1n a boost mode, a buck mode or a hold-up time
extension mode under control of the program.

A. Boost Mode

With reference to FIGS. 2A and 3, because the voltage level
of the sine DC power (VA) output from the full-wave rectifier
(10) will vary, the PFC 8 controller (26) determines that
whether the since DC power (VA) 1s lower than a threshold
value (V,, for example 200V). If the sine DC power (VA) 1s
lower than the threshold value (V,), the PFC controller (26)
turns on the first switch (211) to store energy 1n the inductor
(23) and turns off the second switch to separate the inductor
(23) from the sine DC power (VA). Based on a difference
between the sine DC power (VA) and the threshold value
(V,), the PFC controller (26) properly adjusts the duty cycle
of the third switch (22). I1 the duty cycle of the third switch
(22) 1s relative large, the current DC voltage can raise to the
threshold value (V) quickly, as shown by the voltage wave-
form of the DC voltage (VB) on FIG. 3. To charge the energy-
storage capacitor (27), the PFC controller (26) turns on the
charging switch (28) to connect the energy-storage capacitor
(27) to the output capacitor (24) in parallel. Because the AC
power 1s normal, the hold-up time function does not have to be
activated and discharging from the energy-storage capacitor
(27) to the output capacitor (24) 1s unnecessary. Therefore,
the mode switch (29) 1s turned off.

B. Buck Mode

With reference to FIG. 2B, when the sine DC power (VA)
1s higher than the threshold value (V,), the PFC controller
(26) turns oif the third switch (22) and based on the difference
of the smme DC power (VA) between threshold value (V)
determines whether the first switch (211) and the second
switch (212) should be alternately activated or all turned on to
decrease the current since DC power (VA) and keep the DC
voltage (VB) of the output capacitor (24) to be consistent with
the threshold value (V). Theretore, the present invention can
remain the DC voltage (VB) at the level of threshold value
(V1). To charge the energy-storage capacitor (27), the charg-
ing switch (28) 1s turned on to connect the energy-storage
capacitor (27) to the output capacitor (24) in parallel. Because
the AC power 1s normal, the hold-up time function does not
have to be activated and discharging from the energy-storage
capacitor (27) to the output capacitor (24) 1s unnecessary.
Theretore, the mode switch (29) 1s turned off.

C. Hold-Up Time Mode

With reference to FI1G. 2C, 11 the voltage level of the sine
DC power 1s zero, the PFC controller (26) immediately turns
ofl the second switch (212) and the charging switch (28), and
turns on the first switch (211) and the mode switch (29). The
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energy stored in the energy-storage capacitor (27) 1s dis-
charged to the inductor (23 ) through the mode switch (29) and
the first switch (211). By repeatedly turning on and off the
third switch (22), a voltage with higher level can be produced
on the output capacitor (24) as the DC voltage (VB) and
remains for a while until the energy 1n the energy-storage
capacitor (27) 1s msuilficient.

The first switch (121), second switch (122), third switch
(22), charging switch (28) and the mode switch (29) can be,
but not limited to, the metal oxide semiconductor field-eflect
transistors (MOSFETSs), msulated gate bipolar transistors
(IGBTs) or other power transistors.

It 1s to be understood, however, that even though numerous
characteristics and advantages of the present mnvention have
been set forth in the foregoing description, together with
details of the structure and function of the invention, the
disclosure 1s 1llustrative only, and changes may be made 1n
detail, especially in matters of shape, size, and arrangement of
parts within the principles of the invention to the full extent
indicated by the broad general meaming of the terms 1n which
the appended claims are expressed.

What 1s claimed 1s:

1. An AC to DC power converter using an energy-storage

capacitor for providing hold-up time function comprising:

a Tull wave rectifier receiving AC power and rectifying the
AC power to sine DC power;

a power lactor correction (PFC) circuit having an input
terminal connected to the full wave rectifier and receiv-
ing the sine DC power and comprising an output capaci-
for;

a PFC controller connected to the full wave rectifier and the
PFC circuit to obtain a voltage signal and a voltage of the
sine DC power, adjusting a voltage phase and a current
phase of the sine DC power to be consistent with each
other, and regulating the sine DC power to produce a DC
voltage on the output capacitor;

a switch type DC to DC converter connected to the output
capacitor of the PFC circuit, and bucking the DC voltage
to produce a low DC voltage;

an energy-storage capacitor connected 1n parallel to the
output capacitor through a charging switch, the charging
switch being controlled by the PFC controller; and

a mode switch connected between the energy-storage
capacitor and the mput terminal of the PFC circuit.

2. The AC to DC power converter as claimed 1n claim 1,

wherein the PFC circuit further comprising:

a switch unit connected to the full wave rectifier and com-
prising a {irst switch and a second switch being con-
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nected 1n series, the first switch and the second switch
being controlled by the PFC controller;

an mductor having a first terminal and a second terminal,
the first terminal connected to a node where the first
switch and the second switch are connected 1n series;

a third switch connected between the second terminal of
the inductor and a ground, and controlled by the PFC
controller;

a diode having an anode and a cathode, the anode con-
nected to the second terminal of the inductor, the cathode
connected to the output capacitor and the charging
switch.

3. The AC to DC power converter as claimed 1n claim 2,
wherein the first switch, the second switch, the third switch,
the charging switch and the mode switch are field-eflect tran-
s1stors.

4. The AC to DC power converter as claimed 1n claim 2,
wherein when the PFC controller obtains the voltage signal
and the current signal of the sine DC power, the PFC control-
ler further compares the voltage signal with a threshold value
and 1s operated 1n

a boost mode when the voltage signal 1s lower than the
threshold value;

a buck mode when the voltage signal 1s higher than the

threshold value; or
a hold-up time mode when the voltage signal 1s zero;

wherein the PFC controller in the boost mode turns on the
first switch and the charging switch, turns off the second
switch and the mode switch, and adjusts a duty cycle of
the third switch based on a difference between the volt-
age signal and the threshold value for regulating the
voltage signal to be consistent with the threshold value;

wherein the PFC controller in the buck mode turns on the
charging switch, turns off the third switch and the mode
switch, and selectively and alternately turns on and turns
off the first switch or the second switch based on the
difference between the voltage signal and the threshold
value:

wherein the PFC controller 1n the hold-up time mode turns
on the first switch and the mode switch, turns off the
second switch and the charging switch, and adjusts a
duty cycle of the third switch until energy stored 1n the
energy-storage capacitor 1s msuificient.

5. The AC to DC power converter as claimed 1n claim 1,

wherein the first switch, the second switch, the third switch,

the charging switch and the mode switch are field-eflect tran-
s1Stors.
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